The effect of mild leg length inequality (lower extremity length difference less than 3 cm) on posture and gait has been the source of much controversy. Many opinions have been expressed both for and against the need for intervention to reduce the magnitude of the discrepancy. This paper emphasizes the need for accurate and reliable assessment of leg length differences using a clinically functional radiographic technique, and reviews the biomechanical implications of leg length inequality as related to the development of stress fractures, low back pain and osteoarthritis. Keywords: Leg length inequality, gait, stress fractures, low back pain, osteoarthritis.
Bilateral asymmetries have been documented for a variety of anatomical characteristics'13. These differences are thought to develop from both genetic and environmental factors influencing the ontogenesis of the individual.
A bilateral asymmetry in lower limb lengths is called leg length inequality (LLI), or anisomelia. While the possible negative cosmetic effects of LLI are obvious, the biomechanical implications of mild LLI (difference < 3cm) remain a source of speculation based on limited research. The purpose of this paper is to review the literature pertaining to mild LLI to identify possible links between the asymmetry and orthopaedic disorders.
Definition of leg length inequality
A differentiation must be made between the anatomical, or strucurally short leg, and the functional short leg4.
A functional short leg occurs secondary to a rotated pelvis caused by joint contractures and/or axial malalignments, including scoliosis5. The foot on the 'short limb' side is externally rotated, the heel is in the valgus position, and the longitudinal arch of the foot is collapsed. The posterior iliac spine is high on the 'short leg' side, while the anterior iliac spine is higher on the 'long leg' side.
An anatomical short leg occurs when there is an actual length difference in the bony components of the lower limb. A structurally short limb is often compensated for by a functional adaptation on the long leg side, including ankle pronation6. The anterior and posterior iliac spines are lower on the side of the short leg, unless foot positioning compensates for the difference.
A third category, environmental LLI, is especially relevant to road runners. The drainage slope built into roads imposes a height difference between the limb on the curb side and that on the midline side of the road. In runners with an existing LLI, this environmental effect can accentuate the difference if the short leg is closest to the curb, and attenuate, eliminate or even reverse the inequality if the long leg is on the curb side7. Restricting measurements to the pelvic region reduces the radiated area of the body and the total radiation dose. Using a 1.8mm thick, 12 x 20cm gonadal shield limits the mean doses to gonads and bone marrow to 11.4 milliRads (mR) and 13.6mR, respectively (1.14 x 10-9 and 1.36 x 10-9 Gy respectively), which is less than the radiation doses associated with conventional radiographic techniques The pelvic tilt common to LLI may invoke a functional scoliosis, concave to the side of the longer limb. Pelvic tilting helps maintain the line of the centre of gravity mediolaterally within the base of support. The degree of scoliosis is related to the magnitude of the LLI. The literature is unequivocal as to whether transient functional scoliosis will become structural over time26.
It has been hypothesized that LLI-induced scoliosis may be a causal factor in the development of non-specific low back pain and sciatica. Scoliotic subjects frequently suffer from sciatica on the concave side of the curved spine. In the scoliotic spine, the annulus of the intervertebral disc on the concave side of the spine is in compression, while that on the convex side is in tension. The compressed annulus can protrude out of the intervertebral space and impinge on the dorsal sensory nerve root.
Several investigators have evaluated the relationship between LLI shifts the line of action of the centre of gravity away from the hip joint centre on the side of the long limb. The greater muscle activity necessary to compensate for the shift could increase the magnitude of the internal joint force. Pelvic tilt also reduces the contacting area of the articulating joint surfaces by disrupting normal skeletal alignment. These two effects, increased force and decreased articulating surface area, would result in increased stress on the cartilage and underlying bone, and represent a possible biomechanical precursor to osteoarthritis32.
During locomotion the lower extremity joint stresses are further increased by the muscle activity required to control the segments, by inertial forces developed by the moving segments, and by the impulsive force applied to the foot at ground contact. Although eccentric muscle activity and tissue compliance attenuate the impulsive force as it is transferred towards the head33, Voloshin and Wosk34 reported a decrease in the shock-attenuating capability of limbs affected with osteoarthritis. Reducing the dynamic stresses imposed on the limbs is believed to be a method of reducing the risk of degenerative disease.
Although evaluating asymmetry in lower extremity dynamics in the presence of LLI would increase our understanding of the biomechanical implications of LLI, there has been a paucity of research in this area. The pronated foot position used to compensate for LLI may reduce the impulse-attenuating capability of the long limb35. Vink and Huson3 reported that artificial LLI, created by wearing a single raised shoe, imposed minimal effects on pelvic kinematics and low back muscle activity during walking. If future research can indicate that LLI subjects one limb to pathogenic stresses, then the effect of equating limb lengths by using shoe raises is worth investigating, since it may be a very cost-effective method for preventing osteoarthritis.
